CONTEXT Feedback from multiple-choice question (MCQ) assessments is typically limited to a percentage correct score, from which estimates of student competence are inferred. The students' confidence in their answers and the potential impact of incorrect answers on clinical care are seldom recorded. Our purpose was to evaluate student confidence in incorrect responses and to establish how confidence was influenced by the potential clinical impact of answers, question type and gender.
CONTEXT Feedback from multiple-choice question (MCQ) assessments is typically limited to a percentage correct score, from which estimates of student competence are inferred. The students' confidence in their answers and the potential impact of incorrect answers on clinical care are seldom recorded. Our purpose was to evaluate student confidence in incorrect responses and to establish how confidence was influenced by the potential clinical impact of answers, question type and gender.
METHODS This was an exploratory, cross-sectional study conducted using a convenience sample of 104 Year 3 dental students completing 20 MCQs on implant dentistry. Students were asked to select the most correct response and to indicate their confidence in it for each question. Identifying both correctness and confidence allowed the designation of uninformed (incorrect and not confident) or misinformed (incorrect but confident) responses. In addition to recording correct/incorrect responses and student confidence, faculty staff designated incorrect responses as benign, inappropriate or potentially harmful if applied to clinical care. Question type was identified as factual or complex. Logistic regression was used to evaluate relationships between student confidence, and question type and gender.
RESULTS Students were misinformed more often than uninformed (22% versus 8%), and misinformed responses were more common with complex than factual questions (p < 0.05). Students were significantly more likely to be confident of correct than incorrect benign, incorrect inappropriate or incorrect harmful answers (p < 0.001), but, contrary to expectations, confidence did not decrease as answers became more harmful.
CONCLUSIONS Recording student confidence was helpful in identifying uninformed versus misinformed responses, which may allow for targeted remediation strategies. 1, 2 They are routinely used to assess knowledge of basic biomedical facts and, with additional effort, adapted to assess higher levels of learning, such as application and synthesis. 3, 4 This has made MCQ assessments a versatile and reliable assessment strategy in medical education. [4] [5] [6] [7] There are continuing efforts to improve MCQs to provide more meaningful feedback to students, educators and testing agencies so that more valid inferences of competence can be determined and more learning can occur from the assessment process. [8] [9] [10] Asking students to consider their level of confidence in their answers has been recommended as a way to improve self-monitoring. 11, 12 Similarly, asking students to reflect on the clinical impact of their decisions has been proposed as a way to make students more aware of the influence of their errors, [11] [12] [13] [14] thereby improving the opportunity for learning. 9 The primary advantage of recording both confidence levels and correctness on MCQ assessments is that it affords an ability to distinguish between students who are uninformed and those who are misinformed. 12, 15 Students are considered to be uninformed when they select an incorrect answer and admit they are unsure. This combination of being incorrect and unsure is considered to provide a very appropriate 'teaching moment', in which the student is especially responsive to faculty feedback and to learning. 16 Similarly, a context in which a student has low confidence in a correct answer also represents an opportunity in which early feedback increases retention and improves metacognitive monitoring. 16, 17 By contrast, students are misinformed when they select an incorrect answer, but state that they are sure or very sure of their response, which is qualitatively different from being uninformed. Strongly held incorrect beliefs are often resistant to change, 13, [15] [16] [17] [18] [19] can interfere with student learning, 18, 20 and may lead to inappropriate clinical decisions. 21 The educational benefits to be derived from asking students to consider the level of confidence they have in their answers includes helping them identify limits of their knowledge, 15 reinforcement of the notion that guessing should be discouraged, 15 and the provision of an environment for active student self-monitoring. 9 Asking students to indicate their level of confidence in their answer to an MCQ can also cause them to spend more time on reviewing that item, especially if the error was unanticipated. 9 In this way, an examination can result in learning during an assessment, which is an example of testenhanced learning. [8] [9] [10] 22, 23 Agrawal et al. 9 make the argument that testing identifies mistakes in accuracy, but also mistakes in self-monitoring, which is a valuable skill to develop and for which feedback is important. Feedback on self-monitoring may be helpful in metacognitive processing, 24 an issue especially problematic in underachieving students. 25 Confidence also influences how receptive a trainee is to feedback, 26 is generally lower on more complex process-type problems, 18 and may be influenced by gender. 27 The calibration of confidence to correctness in clinical decisions is a defining characteristic of an expert clinician and thus it is important to monitor and develop appropriate confidence in a trainee. 28 Traditionally, assessments have been used to provide a quantitative measure of student knowledge, rather than a measure of student misunderstanding. We generally have no idea how sure students have been of their incorrect answers and therefore do not know when students are uninformed as opposed to misinformed. Additionally, by counting only correct responses, we assume all distractors are equally consequential, which is not likely. Some distractors may represent thinking that would result in a benign application to clinical outcomes, whereas others might result in inappropriate or potentially harmful clinical consequences. Understanding both the student's confidence in, and clinical impact of, incorrect answers on an MCQ examination would allow for a more complete appraisal of that trainee's professional development.
Evaluating both confidence in and the potential clinical impact of responses in MCQ assessments has not been previously attempted. Our purpose was to determine the percentage of incorrect answers in which the respondent had little confidence (uninformed) relative to that of incorrect answers in which the respondent was very confident (misinformed), and to establish whether student confidence was significantly impacted by the potential clinical consequences of answers, question complexity or gender.
METHODS

Participants
A total of 104 Year 3 dental students (58 male, 46 female) from the 2011 graduating class at the School of Dentistry, University of California San Francisco (UCSF), were included in this study. As part of their routine requirements, students completed a course on dental implants and an assessment that included 20 MCQs and a measure of how confident they were in their response to each question.
Assessment instrument
Clinical faculty staff chose 20 MCQs, which included 10 questions to evaluate knowledge of factual information and 10 to evaluate responses to complex concepts requiring interpretation or the analysis of a clinical scenario. Questions were selected from an existing bank of questions that had been used previously and for which reliability scores ranged from 0.65 to 0.80 and point biserial values were good. There were four possible responses for each question selected, including one most appropriate response and three incorrect distractors.
Clinical impact
Two faculty members independently designated the distractors as benign, inappropriate or harmful according to the following definitions: benign = results in an inconsequential or harmless patient outcome; inappropriate = either unsuitable or would delay the provision of appropriate patient care, and potentially harmful = results in direct and irreversible detrimental treatment of the patient. A kappa (j) score, indicating the degree of agreement, was calculated for the two faculty members' concurrence of their designation of responses as benign, inappropriate or harmful for the 60 distractors across the 20 questions (j = 0.76).
Student confidence
Students selected the answer they felt was most correct, but also indicated their level of confidence in their response to each item as: (i) very sure; (ii) sure; (iii) unsure, or (iv) very unsure. For statistical purposes, these categories were later dichotomised to 'confident' and 'not confident'. Students were told confidence levels would be queried as an important factor to consider, but were not told how measures of confidence would influence their grades.
Uninformed versus misinformed
By evaluating students' confidence in incorrect answers, responses were grouped as either uninformed or misinformed responses. Incorrect responses given by a student who lacked confidence were considered as uninformed responses; it was assumed that the student was either uncertain or guessing. Incorrect responses given by a student who was confident were considered as misinformed responses; the student was wrong, but felt strongly that the answer was correct.
Test results were collected using code numbers without identifiers to maintain confidentiality. The protocol for the study was reviewed and approved by the UCSF Committee of Human Research.
Data analysis
Descriptive statistical measures included the numbers and percentages of, respectively, correct, incorrect, uninformed and misinformed responses overall and by question complexity. A correlation between confidence and clinical impact was calculated for all 2080 responses using Spearman's rho (q).
Logistic regression (IBM SPSS Statistics for Windows, Version 20.0; IBM Corp., Armonk, NY, USA) was used, with question as the unit of analysis, resulting in 2080 observations (104 students 9 20 questions). The dependent variable, confidence, was dichotomised into the categories of 'confident' and 'not confident' from the original polytomous ordinal student responses of 'very sure', 'sure', 'unsure' and 'very unsure'. The regression model analysed the relationships between student confidence and three non-parametric independent variables: potential clinical impact (benign, inappropriate, potentially harmful); question type (factual or complex), and gender. As question was the unit of measure and each student had more than one confidence score, confidence was not independent. To correct for this, we nested students (n = 104) by question (n = 20).
All three predictor variables were entered into the regression model as categorical covariates. Potential clinical impact measures of incorrect answers (benign, inappropriate and harmful) were individually compared with the reference category, correct answers. Question type and gender were specified as binary indicator variables. The reference categories for question type and gender were 'complex questions' and 'male', respectively.
RESULTS
The mean score (correct) on the examination was 70% (range: 45-95%) ( (Table 2 ). For example, students were more likely to be confident of correct than incorrect benign answers (OR 15.9), but less likely to be confident of correct than incorrect harmful answers (OR 5.0). This is also made apparent by the finding that the mean AE SD confidence level in incorrect benign answers (2.51 AE 0.92) was lower than that in incorrect harmful answers (3.09 AE 0.94). In other words, confidence did not decrease as answers became more dangerous (Table 2 ). Regression analysis also indicated that students were more likely to be confident of their responses to factual than complex questions (OR Table 1 1.4, 95% CI 1.0-1.8; p < 0.05) and that gender was not a significant predictor of student confidence (p > 0.05) ( Table 2 ).
DISCUSSION
Many of our findings were expected, but some were unanticipated. We were pleased that students were more confident of correct than incorrect answers (p < 0.001) and not surprised that students were more confident in their responses to factual than to complex questions (p < 0.05). Our finding that students reported greater confidence in correct than incorrect answers and that gender made no difference to this is consistent with recent literature. 9 However, we were surprised to find more misinformed (22%) than uninformed (8%) responses. Also unanticipated was the finding that student confidence did not decrease as the potential harm of answers increased.
A potential benefit of recording the correctness of and confidence in answers may be that the process provides detailed feedback for faculty staff, allowing a more targeted remediation. We are identifying gaps in knowledge when we differentiate correct from incorrect answers, but by recording confidence we are also differentiating the uninformed from the misinformed response. Uninformed students lack knowledge; they do not know something and are not confident. By contrast, students are misinformed when they select an incorrect answer, but state they are confident of their response. We found a mean AE SD of 4.3 AE 1.8 misinformed responses per student and a mean AE SD of 1.6 AE 1.6 uninformed responses per student. This is an important distinction because learning potential and remediation strategies for the two groups would differ. 13 Incorrect responses in which the student reports little confidence call for student remediation that simply requires the assimilation of additional knowledge. By contrast, students who select an incorrect answer but are confident of their response often strongly believe in incorrect information and may be resistant to change. 13, 17 The first step in remediation would be to identify the students and specific topics that resulted in misinformed responses. A logical second step towards guiding students to recognise and learn from errors, such as strongly held incorrect beliefs, may involve scoring these responses lower, as suggested by Burton. 15 Additionally, feedback has been shown to improve student metacognitive monitoring, especially in students who give correct responses in which they have little confidence. 17 Lastly, awarding a higher potential score for complex scenario questions than for factual questions might be considered, given that more misinformed responses were recorded on to complex questions.
Student confidence was significantly influenced by question type. We noted more strongly held incorrect beliefs on complex questions than on factual questions (13% versus 9%), and our regression model showed students were more likely to be confident of factual than complex responses (OR 1.4, 95% CI 1.0-1.8; p < 0.05). Agrawal et al. 9 determined that confidence levels were not influenced by question type (factual versus vignette-based). Although guiding students to address complex questions in a systematic way has been shown to improve performance in some subject domains, 18 additional study is necessary to better understand the relationship between confidence and question type.
Students were more likely to be confident in correct than incorrect benign, incorrect inappropriate and incorrect harmful answers (p < 0.001), yet confidence did not decrease, as expected, as incorrect responses became more dangerous (Table 2) . For example, students were more likely to be confident of correct than incorrect benign answers (OR 15.9), but less so with harmful answers (OR 5.0). This may reflect our methodology because although we explained to students that confidence was an important factor to consider on each question, we did not emphasise that students should consider the potential clinical impact of incorrect answers. We assumed students would implicitly consider the 'dangerousness' of the response, but our findings suggest confidence was influenced more by correctness than dangerousness. It could be argued that recording potential clinical impact did not identify dangerous thinking because dangerous student responses may represent lack of knowledge rather than a deliberate act, as Slogoff and Hughes 29 have stated.
Assessments provide important benefits in helping to identify knowledge gaps, but also support the less appreciated and understood benefits of improving learning, as Roediger and Karpicke 1 have noted, and, importantly, in providing feedback on self-awareness during decision making, as Agrawal et al. 9 and Eva and Regehr 30 have noted. In the present study, we demonstrated that recording student confidence can help to identify uninformed versus misinformed responses. Asking students to consider their confidence and correctness concurrently may help students calibrate appropriate levels of confidence in what they do and do not know, thus developing an ability that represents an important characteristic in true experts.
LIMITATIONS OF THE STUDY AND QUESTIONS FOR FUTURE RESEARCH
This study was performed using a convenience sample, on one assessment with moderate reliability, at one institution, in one subject domain and was completed in one setting. Therefore, it must be considered a preliminary study. Additionally, this test format was time-consuming to develop and raised concerns in students provoked by the 'new' format. We are unsure why students gave more misinformed than uninformed responses, yet our finding would be consistent with those in Kruger and Dunning's work on being 'unskilled and unaware of it'. 25 Future studies will evaluate confidence over time and in different subject domains, with high and low achievers, and on assessments of varying difficulty.
Despite this, our findings are consistent with those of other investigators on the correlation of confidence and correctness, 21 on the influence of question difficulty on confidence, 18 and in findings of high levels of confidence on incorrect answers 16 and no gender differences. 25 
CONCLUSIONS
Results from traditional MCQ assessments provide educators with details about what students know, but with less information about what they might do or what they are thinking. Asking students to state their confidence in their answers and recording the potential clinical consequences of incorrect answers change the traditional MCQ assessment from a 'forced choice' assessment of correctness to a measure of self-awareness, calibration and potential consequences. Students are asked to think about many more of the dimensions involved in clinical decision making, ideally early in their professional development. Our rationale in proposing a measure of potential clinical impact and confidence during formative assessments is that students in medical education should be thinking about the consequences and convictions of their decisions, even while they are in the classroom.
Students were more likely to be confident in correct answers than incorrect benign, incorrect inappropriate and incorrect harmful answers, yet confidence did not decrease, as expected, with the increasing dangerousness of answers.
The primary value of recording confidence on MCQ assessments may refer to its ability to make errors of calibration (confidence and accuracy) more visible to students early in their professional development.
A secondary purpose of recording confidence on MCQ assessments may be to provide feedback to faculty staff about the percentage of uninformed versus misinformed students in order that more targeted remediation strategies can be considered.
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